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DELIVERY METHOD, INFORMATION
PROCESSING DEVICE, AND DELIVERY
SYSTEM

CROSS REFERENCE TO RELATED
APPLICATIONS

This application 1s a National Stage of International

Application No. PCT/JP2018/038699 filed Oct. 17,
2018.

TECHNICAL FIELD

The present invention relates to a field of a delivery
method and the like by which a package 1s delivered to a
delivery destination by unmanned delivery.

BACKGROUND ART

In recent years, an unmanned delivery system using an
unmanned aerial delivery vehicle or an unmanned ground
delivery vehicle has been studied (for example, Patent
Literature 1). The unmanned aenial delivery vehicle can tly
without being affected by road conditions on the ground, and
the like, but places where the unmanned aerial delivery
vehicle can land are limited. Therefore, 1t 1s often dithcult to
transport a package to a final delivery destination (e.g., each
home). On the other hand, the unmanned ground delivery
vehicle tends to be aflected by the road conditions on the
ground, and the like, but can transport the package closer to
a delivery destination.

CITATION LIST

Patent Literature

Patent Literature 1: JP 2018-514478 A

SUMMARY OF INVENTION

Technical Problem

Considering situations as described above, 1 a future
unmanned delivery system, 1t 15 concervable that a package
1s transported by an unmanned aerial delivery vehicle to a
near area ol a delivery destination, then the package 1s
transierred to an unmanned ground delivery vehicle from the
unmanned aerial delivery vehicle, and the unmanned ground
delivery vehicle delivers the package to the delivery desti-
nation. However, under the present situations, there i1s no
structural system provided for linking an unmanned aerial
delivery vehicle and an unmanned ground delivery vehicle.
Therefore, 1n a conventional unmanned delivery system, an
unmanned aerial delivery vehicle that transports a package
cannot 1dentily a position on the ground of an unmanned
ground delivery vehicle to which the package 1s to be
passed. Also, the unmanned ground delivery vehicle to
which the package has been passed from the unmanned
aerial delivery vehicle cannot acquire delivery destination
information to deliver the package.

Therefore, one or more embodiments of the present
invention are directed to provide a delivery method, an
information processing device, and a delivery system that
enables an unmanned aerial delivery vehicle to pass a
package to an unmanned ground delivery vehicle and also
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enables the unmanned ground delivery vehicle to deliver the
passed package closer to a delivery destination.

Solution to Problem

In response to the above 1ssue, and according to an aspect
of the disclosure, a delivery method executed by a delivery
system 1ncluding an unmanned aerial delivery vehicle and
an unmanned ground delivery vehicle 1s provided. The
delivery method includes: a first acquisition step of the
unmanned aerial delivery vehicle acquiring transier position
information indicating a position at time of package transfer
of the unmanned ground delivery vehicle that receives a
package 1n a case where a predetermined condition based on
position information of the unmanned aerial delivery vehicle
that transports the package 1s satisfied; and a second acqui-
sition step of the unmanned ground delivery vehicle acquir-
ing delivery destination mformation to deliver the package
received by the unmanned ground delivery vehicle from the
unmanned aernal delivery vehicle, in which the position of
the unmanned ground delivery vehicle at the time of pack-
age transier 1s 1dentified by the unmanned aerial delivery
vehicle. Accordingly, the unmanned aerial delivery vehicle
can pass the package to the unmanned ground delivery
vehicle, and the unmanned ground delivery vehicle can also
deliver the passed package closer to a delivery destination.

The delivery method may further include a step of deliv-
ering the package to a delivery destination by the unmanned
ground delivery vehicle autonomously moving on the basis
of the delivery destination information of the package. This
enables the unmanned ground delivery vehicle to automati-
cally deliver the package to the delivery destination without
human intervention.

In a case where the predetermined condition 1s satisfied by
the unmanned aerial delivery vehicle arriving at a delivery
area including the delivery destination of the package, the
unmanned aerial delivery vehicle may acquire the transier
position information. This enables the unmanned aerial
delivery vehicle to acquire the transier position information
at appropriate timing.

The delivery system may further include a first informa-
tion processing unit which manages the transier position
information. The delivery method may further include a first
transmission step ol the first information processing unit
transmitting the transfer position information to the
unmanned aerial delivery vehicle, and the unmanned aerial
delivery vehicle may acquire the transier position informa-
tion transmitted by the first information processing unit. This
enables the unmanned aerial delivery vehicle to acquire
transier position information at appropriate timing.

The delivery method may further include a selection step
of the first information processing unit selecting, from
among a plurality of the unmanned ground delivery
vehicles, one unmanned ground delivery vehicle available
for use. The first information processing unit may transmit
transier position information to the unmanned aernal deliv-
ery vehicle. The transfer position information may indicate
a position at the time of package transfer of the unmanned
ground delivery vehicle. This makes 1t possible to efliciently
use a plurality of unmanned ground delivery vehicles for
package delivery.

In a case where i1t 15 determined that the unmanned aerial
delivery vehicle has arrived at a delivery area including a
delivery destination of the package, the first information
processing unit may select the unmanned ground delivery
vehicle. This makes 1t possible to select one unmanned
ground delivery vehicle from among a plurality of
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unmanned ground delivery vehicles immediately before
ground delivery of the package, and to more efliciently use
the unmanned ground delivery vehicle for package delivery.

In a case where 1t 1s determined that the package 1s
received from the unmanned aernal delivery vehicle, the
unmanned ground delivery vehicle may acquire the delivery
destination information of the package. This makes 1t pos-
sible to prevent the delivery destination information of the
package from being provided carelessly to the outside, and
to 1improve safety in package delivery.

In a case where weight of the package 1s sensed, the
unmanned ground delivery vehicle may determine that the
package 1s received. This makes it possible to secure sure-
ness ol package receipt, and to further improve safety in
package delivery.

The delivery system may further include a second infor-
mation processing unit which manages the delivery desti-
nation information of the package. The delivery method may
turther include a second transmission step of the second
information processing unit transmitting the delivery desti-
nation information of the package to the unmanned ground
delivery vehicle, and the unmanned ground delivery vehicle
may acquire the delivery destination information of the
package transmitted from the second information processing,
unit. This enables the unmanned ground delivery vehicle to
acquire the delivery destination information at appropriate
timing.

The delivery method may further include a step of trans-
mitting, to the second information processing unit, package
receipt information indicating that the package 1s received in
a case where 1t 1s determined that the unmanned ground
delivery vehicle has received the package from the
unmanned aerial delivery vehicle. The second information
processing umt may transmit the delivery destination infor-
mation of the package to the unmanned ground delivery
vehicle 1 a case where the package receipt mformation 1s
received from the unmanned ground delivery vehicle. This
makes 1t possible to prevent the delivery destination infor-
mation of the package from being provided carelessly to the
outside, and to improve safety in package delivery.

The unmanned ground delivery vehicle may acquire the
delivery destination information of the package from the
unmanned aerial delivery vehicle or the package mounted on
the unmanned aernial delivery vehicle. This enables the
unmanned ground delivery vehicle to quickly acquire the
delivery destination information.

The delivery system may further include a third informa-
tion processing unit which manages, as first identification
information, i1dentification information of the unmanned
aerial delivery vehicle or identification imnformation of the
package mounted on the unmanned aerial delivery vehicle.
The delivery method may further include: a third acquisition
step of the unmanned ground delivery vehicle acquiring
second 1dentification information from the unmanned aerial
delivery vehicle having landed on the unmanned ground
delivery vehicle or the package mounted on the unmanned
aerial delivery vehicle; a step of the unmanned ground
delivery vehicle transmitting, to the third information pro-
cessing unit, the second 1dentification information acquired
from the unmanned aerial delivery vehicle or the package; a
step of authenticating the unmanned aerial delivery vehicle
or the package by using the first identification information
managed by the third information processing unit and the
second 1dentification 1nformation received {from the
unmanned ground delivery vehicle; a step of transmitting,
authentication success information to the unmanned ground
delivery vehicle in a case where the third information
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processing unit may determine that authentication i1s suc-
cessiul 1n authenticating the unmanned aerial delivery
vehicle or the package; and a step of performing setting to
a state capable of receiving the package from the unmanned
aerial delivery vehicle 1n a case where the unmanned ground
delivery vehicle receives the authentication success infor-
mation from the third information processing unit. This
makes 1t possible to improve safety in package delivery.
The third information processing unit may further man-
age, as third identification information, 1dentification infor-
mation of the unmanned ground delivery vehicle. The deliv-
cery method may further include: a step of transmitting
preparation completion information to the third information
processing unit 1 a case where the unmanned ground
delivery vehicle performs the setting to the state capable of
receiving the package; a step of transmitting, to the
unmanned aerial delivery vehicle, the preparation comple-
tion information received from the unmanned ground deliv-
ery vehicle by the third information processing unit; a step
of acquiring fourth identification information from the
unmanned ground delivery vehicle on which the unmanned
aerial delivery vehicle has landed 1n a case where the
unmanned aerial delivery vehicle receives the preparation
completion information from the third information process-
ing unit; a step of the unmanned aerial delivery vehicle

transmitting, to the third information processing unit, the
fourth 1identification 1information acquired from the
unmanned ground delivery vehicle; a step of authenticating
the unmanned ground delivery vehicle by using the third
identification information managed by the third information
processing unit and the fourth identification information
received from the unmanned aerial delivery vehicle; a step
of transmitting authentication success information to the
unmanned aerial delivery vehicle 1n a case where the third
information processing unit determines that authentication is
successiul in authenticating the unmanned ground delivery
vehicle; and a step of providing the package to the
unmanned ground delivery vehicle in a case where the
unmanned aerial delivery vehicle receives the authentication
success information from the third information processing
umt. This makes 1t possible to further improve safety in
package delivery.

The third information processing unit may further man-
age, as third identification information, 1dentification infor-
mation of the unmanned ground delivery vehicle. The deliv-
ery method may further include: a step of acquiring fourth
identification information from the unmanned ground deliv-
ery vehicle on which the unmanned aerial delivery vehicle
has landed; a step of the unmanned aerial delivery vehicle
transmitting, to the third information processing unit, the
fourth 1dentification information acquired 1from the
unmanned ground delivery vehicle; a step of authenticating
the unmanned ground delivery vehicle by using the third
identification information managed by the third information
processing umt and the fourth identification information
received from the unmanned aerial delivery vehicle; a step
of transmitting authentication success information to the
unmanned aerial delivery vehicle 1n a case where the third
information processing unmit determines that authentication 1s
successiul i authenticating the unmanned ground delivery
vehicle; and a step of performing setting to a state capable
of providing the package to the unmanned ground delivery
vehicle 1n a case where the unmanned aerial delivery vehicle
receives the authentication success information from the
third information processing umt. This makes 1t possible to
improve satety 1n package delivery.
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The delivery method may further include: a step of the
third information processing unit receiving landing infor-
mation from the unmanned aerial delivery vehicle that has
landed on the unmanned ground delivery vehicle, the land-
ing information indicating that the unmanned aerial delivery
vehicle has landed; and a step of the third information
processing unit transmitting, to the unmanned ground deliv-
ery vehicle, the landing information received from the
unmanned aerial delivery vehicle. The unmanned ground
delivery vehicle may acquire the second 1dentification infor-
mation from the unmanned aerial delivery vehicle or the
package 1 a case where the unmanned ground delivery
vehicle receives the landing information from the third
information processing unit. This enables the unmanned
ground delivery vehicle to surely acquire the identification
information of the unmanned aerial delivery vehicle or the
identification 1nformation of the package when the
unmanned aerial delivery vehicle surely lands.

The unmanned ground delivery vehicle may be placed in
a predetermined delivery vehicle parking place. The deliv-
ery method may further include a step of the unmanned
ground delivery vehicle moving to a position at the time of
package transier in a case where the predetermined condi-
tion based on position mformation of the unmanned aerial
delivery vehicle 1s satisfied. This makes 1t possible to more
ciliciently use the unmanned ground delivery vehicle for
package delivery.

According to another aspect of the disclosure, an infor-
mation processing device 1n a delivery system including an
unmanned aerial delivery vehicle, an unmanned ground
delivery vehicle, and the mformation processing device 1s
provided. The information processing device includes: a first
transmission unit which transmaits, to the unmanned aerial
delivery vehicle, transfer position mformation indicating a
position at time of package transfer of the unmanned ground
delivery vehicle that receives a package 1n a case where a
predetermined condition based on position information of
the unmanned aerial delivery vehicle that transports the
package 1s satisfied; and a second transmission unit which
transmits, to the unmanned ground delivery vehicle, delivery
destination iformation received by the unmanned ground
delivery vehicle from the unmanned aerial delivery vehicle
to deliver the package, 1n which the position at the time of
package transfer of the unmanned ground delivery vehicle 1s
identified by the unmanned aerial delivery vehicle. Accord-
ingly, the unmanned aerial delivery vehicle can pass the
package to the unmanned ground delivery vehicle, and the
unmanned ground delivery vehicle can also deliver the
passed package closer to a delivery destination.

The information processing device may further include a
selection unit which selects, from among a plurality of the
unmanned ground delivery vehicles, one unmanned ground
delivery vehicle available for use. The first transmission unit
may transmit, to the unmanned aerial delivery vehicle,
transier position information indicating a position at the time
ol package transier of the ground delivery vehicle selected
by the selection unit. This makes 1t possible to more efli-
ciently use a plurality of the unmanned ground delivery
vehicle for package delivery.

The selection unit may select the unmanned ground
delivery vehicle in a case where it 1s determined that the
unmanned aerial delivery vehicle has arrived at a delivery
area including a delivery destination of the package. This
makes 1t possible to select one unmanned ground delivery
vehicle from among a plurality of unmanned ground deliv-
ery vehicles immediately before ground delivery of the
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package, and to more efliciently use the unmanned ground
delivery vehicle for package delivery.

The selection unit may preferentially select, from among
the plurality of unmanned ground delivery vehicles, the
unmanned ground delivery vehicle exclusive for a building
that 1s a delivery destination indicated by the delivery
destination information of the package. This makes 1t pos-
sible to more quickly deliver the package to the delivery
destination.

The selection unit may preferentially select, from among
the plurality of unmanned ground delivery vehicles, the
unmanned ground delivery vehicle whose current position 1s
relatively close to the position at the time of package
transter. This makes it possible to more quickly deliver the
package to the delivery destination.

The information processing device may manage the deliv-
ery destination information of each of a plurality of the
packages transported by one or a plurality of the unmanned
aerial delivery vehicles, and in a case where respective
delivery destinations of the plurality of packages are 1n a
same delivery area, the selection unit may select one
unmanned ground delivery vehicle capable of loading the
plurality of packages. This makes it possible to reduce
power consumption or fuel consumption of the unmanned
ground delivery vehicle.

The information processing device may further include a
first reception unit which receives package receipt informa-
tion indicating that the package 1s received from the
unmanned ground delivery vehicle. The second transmission
unit may transmit the delivery destination information of the
package to the unmanned ground delivery vehicle 1n a case
where the package receipt information 1s received by the
first reception unit. This makes 1t possible to prevent the
delivery destination information of the package from being
provided carelessly to the outside, and to improve safety in
package delivery.

The mformation processing device may manage, as first
identification information, identification information of the
unmanned aerial delivery vehicle or 1dentification informa-
tion of the package mounted on the unmanned aerial deliv-
ery vehicle. The information processing device may further
include: a second reception unit which receives, from the
unmanned ground delivery vehicle, second identification
information acquired by the unmanned ground delivery
vehicle from the unmanned aerial delivery vehicle or the
package; a first authentication unit which authenticates the
unmanned aerial delivery vehicle or the package by using
the first identification information and the second identifi-
cation information received by the second reception unit;
and a third transmission unit which transmits, to the
unmanned ground delivery vehicle, control information that
sets the unmanned ground delivery vehicle to a state capable
of receiving the package 1n a case where the authentication
1s determined as successiul by the first authentication unait.
This makes 1t possible to improve satety in package delivery.

The information processing device may be configured to
manage, as third i1dentification information, identification
information of the unmanned ground delivery vehicle. The
information processing device may further include: a third
reception unit which receives, from the unmanned aerial
delivery vehicle, fourth identification imnformation acquired
from the unmanned ground delivery vehicle by the
unmanned aerial delivery vehicle; a second authentication
umit which authenticates the unmanned ground delivery
vehicle by using the third identification information and the
fourth 1dentification information recerved by the third recep-
tion unit; and a fourth transmission unit which transmits, to
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the unmanned aenal delivery vehicle, control information to
provide the package to the unmanned ground delivery
vehicle 1 a case where the authentication 1s determined as
successiul by the second authentication unit. This makes it
possible to improve safety in package delivery.

According to another aspect of the disclosure, a delivery
system 1s provided, comprising an unmanned aerial delivery
vehicle, an unmanned ground delivery vehicle, and an
information processing device. The mformation processing
device 1includes a transmission unit which transmits, to the
unmanned aerial delivery vehicle, transfer position informa-
tion indicating a position at time of package transfer of the
unmanned ground delivery vehicle that receives a package
in a case where a predetermined condition based on position
information of the unmanned aerial delivery vehicle that
transports the package 1s satisfied. The unmanned aerial
delivery vehicle includes: a reception unit which receives
the transier position information transmitted from the infor-
mation processing device; and an 1dentification umt which
identifies, on the basis of the transfer position information,
a position of the unmanned ground delivery vehicle at the
time of package transier, and the unmanned ground delivery
vehicle includes an acquisition unit which acquires delivery
destination information to deliver the package received from
the unmanned aerial delivery vehicle.

tect of the Invention

Advantageous E

According to one or more embodiments of the present
invention, the unmanned aerial delivery vehicle can pass the
package to the unmanned ground delivery vehicle, and the
unmanned ground delivery vehicle can also deliver the
passed package closer to a delivery destination.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagram 1llustrating a schematic configuration
example of the delivery system S.

FIG. 2 1s a view 1illustrating a state 1n which an UADV 1
lands on an UGDYV 2 at a port P.

FIG. 3 1s a diagram 1llustrating a schematic configuration
example of an UADV 1.

FI1G. 4 1s a diagram 1llustrating a schematic configuration
example of an UGDV 2.

FIG. 5 1s a diagram 1llustrating a schematic configuration
example of an information management server 3.

FIG. 6 1s a diagram 1llustrating an example of functional
blocks 1n an information processing unit 33.

FIG. 7 1s a conceptual diagram illustrating movements of
UADVs 1 and UGDVs 2 1n a delivery area Ar.

FIG. 8 1s a sequence diagram 1llustrating an exemplary
operation of a delivery system S from when an UADV 1
arrives at a delivery area Ar until the UADV 1 lands on an
UuGDYVv 2.

FIG. 9 1s a sequence diagram 1llustrating an exemplary
operation of a delivery system S from when an UADV 1
lands on an UGDYV 2 until the UGDYV 2 delivers a package

to a delivery destination.

DESCRIPTION OF EMBODIMENTS

Hereinafter, a delivery system according to an embodi-
ment of the present mmvention, and an embodiment of a
delivery method executed by the delivery system will be
described with reference to the drawings.
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[1. Outline of Configuration and Functions of Delivery
System S|

First, an outline of a configuration and functions of a
delivery system S according to the present embodiment will
be described with reference to FIG. 1. FIG. 1 1s a view
illustrating a schematic configuration example of the deliv-
ery system S. As 1llustrated in FIG. 1, the delivery system S
includes: an unmanned aerial delivery vehicle that flies 1n
the atmosphere (hereinafter, referred to as “UADV (Un-
manned Aerial Delivery Vehicle)” 1); an unmanned ground

delivery vehicle (referred to as an “UGDV (Unmanned
Ground Delivery Vehicle)” 2); and an information manage-

ment server 3 that manages information related to delivery.
Each of the UADV 1 and the UGDYV 2 can communicate

with the information management server 3 via a communi-
cation network NW. The communication network NW
includes, for example, a mobile communication network, a
radio base station thereof, and the like. Radio communica-

tion 1s performed between the radio base station and the
UADYV 1 and between the radio base station and the UGDYV

2.
Incidentally, one UADV 1 and one UGDV 2 are illus-

trated 1n the example of FIG. 1, but there 1s an assumed case
of having a plurality of UADVs 1 (1a, 15, 1¢, . . . ) and a

plurality of UGDVs 2 (2a, 2b, 2¢, . . . ) m the following
description. The UADYV 1 illustrated 1n FIG. 1 1s also called
a drone or a multi-copter. The UGDYV 2 illustrated in FIG.
1 illustrates an unmanned ground car having a plurality of
wheels, but the UGDYV 2 may be a robot having no wheel
(e.g., a bipedal walking robot). The information manage-
ment server 3 1s an example of an information processing
device. In the example of FIG. 1, 1t 1s assumed that the
information management server 3 1s mnstalled 1n a manner
fixed independently of the UADV 1 and the UGDYV 2, but all
or part of functions of the information management server 3
may be provided in both or one of the UADV 1 and the

UGDYV 2. In this case, all or the part of processing (respec-
tive steps 1n a delivery method) performed by the informa-
tion management server 3 1s performed by both or one of the

UADYV 1 and the UGDV 2.

In the delivery method executed by such a delivery
system S, 1n a case where a predetermined condition based
on position information of the UADV 1 1s satisfied, the
UADYV 1 that transports a package acquires transfer position
information indicating a position of the UGDYV 2 at the time
of package transfer. The UGDV 2, whose position at the
time of package transier by the UADV 1 1s i1dentified,
acquires delivery destination information to deliver the
package received from the UADYV 1. By this configuration,
linkage between the UADV 1 and the UGDYV 2 1s accom-
plished, the UADV 1 can pass the package to the UGDYV 2
and also can deliver, to the delivery destination, the package
that has been passed to the UGDYV 2. Incidentally, 1n the
tollowing description, the “delivery destination information
to deliver a package” will be referred to as “delivery
destination information of a/the package™.

Here, the position information of the UADYV 1 indicates a
current position (for example, latitude, longitude, and alti-
tude) of the UADYV 1. The current position of the UADV 1
1s a flight position of the UADV 1 i flight. As an example
of the predetermined condition based on the position infor-
mation of the UADYV 1, a condition that the current position
of the UADV 1 has reached a delivery area including a
delivery destination of a package 1s set. In the delivery area,
a takeoll and landing facility (hereimnafter referred to as a
“port”) where the UADYV 1 that transports the package is to
land 1s 1nstalled. The port 1s used as a transfer place of the
package transported by the UADV 1. The position of the
UGDYV 2 at the time of package transfer 1s a position on the
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port. Moreover, a delivery vehicle parking place (UGDYV 2
waiting station) where one or a plurality of UGDVs 2 1s
placed 1s installed in the delivery area. Incidentally, the
delivery area may have various sizes. For example, 1n a case
where the delivery area 1s a large area like a residential area
where a plurality of buildings 1s clustered together, a plu-
rality of ports may be installed 1n the delivery area.

Since the UADYV 1 1dentifies a position of the UGDYV 2 at
the time of package transfer on the basis of the transier
position information, the UADV 1 lands on the UGDV 2
present at the position and transiers (that 1s, provides) the
package to the UGDYV 2. That 1s, the UGDYV 2 receives the
package from the UADV 1 that has landed. With this
configuration, the package 1s passed from the UADV 1 to the
UGDYV 2. Then, the UGDV 2 delivers the package to the
delivery destination by autonomously moving on the ground
on the basis of the delivery destination information of the
package that has been passed. According to this configura-
tion, the UGDV 2 can automatically deliver (send) the
package to the delivery destination without human 1nterven-
tion. The delivery destination information of the package
may include, for example, latitude and longitude of a
delivery destination or an address of the delivery destina-
tion. The delivery destination may be an entrance of a
residence or an oflice of a consignee, or a delivery box
(storage box for temporary storage of the package) installed
in a place away from the entrance of the residence or the
oflice of the consignee. Alternatively, the delivery destina-
tion may be the consignee himself/herself. In this case, for
example, 1t 1s assumed that the con51gnee comes out of a
building where the residence or the oflice 1s located, and
have the consignee receive the package from the UGDYV 2.
In a case where the delivery destination 1s one room (one
home) 1n a building such as an apartment building or an
oflice building, the delivery destination information prefer-
ably includes a name of the building and a room number of
the room that 1s to be the delivery destination.

Incidentally, the UADYV 1 preferably acquires the transier
position information from the information management
server 3 via the communication network NW. However, the
UADYV 1 may also acquire the transfer position information
from a GCS (Ground Control Station) that can manage and
remotely control the UADV 1 from the ground. In this case,
the GCS acquires the transier position information from the
information management server 3 in advance. For example,
the GCS may be nstalled 1n a control terminal that can be
connected to the commumnication network NW as an appli-
cation or may be systemized by a server or the like. In a case
where the area of a port 1s equal to or larger than a threshold
(for example, 1n a case where a plurality of UGDVs 2 can
stop at the port), a position of the UGDV 2 at the time of
package transier 1s desirably detected by the UGDYV 2 when
the UGDYV 2 arrives at the port to be the transter place of the
package. In this case, the transfer position information
indicating the detected position 1s transmitted from the
UGDYV 2 to the information management server 3. However,
in a case where the area of the port 1s smaller than the
threshold (for example, 1n a case where only one UGDYV 2
can stop at the port), an installation position of the port
determined as the transier place of the package by the
information management server 3 may be determined as a
position of the UGDYV 2 at the time of package transier.

Moreover, the UGDV 2 preferably acquires, from the
information management server 3 via the communication
network NW, the delivery destination information of the
package transported by the UADV 1. However, the UGDV

2 may acquire the delivery destination information from the
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UADYV 1 that has landed or the package mounted on the
UADYV 1. In this case, for example, a two-dimensional code
(for example, a QR code (registered trademark)) including
the delivery destination information of the package 1s dis-
played (for example, by sticking, printing, or the like) at a
lower portion of the UADV 1 or the package. By this
display, the UGDYV 2 can acquire the delivery destination
information of the package by scanning (reading) the two-
dimensional code. Alternatively, an IC tag storing the deliv-
ery destination information of the package may be attached
to the lower portion of the UADV 1 or the package. By this
IC tag, the UGDYV 2 can acquire the delivery destination
information of the package from the IC tag without contact.
Alternatively, 1n a case where the UADV 1 and the UGDV
2 have a near field communication function such as Blu-
ctooth (registered trademark), the UGDYV 2 may acquire the
delivery destination information stored in the UADV 1 via
the near field communication.

FIG. 2 1s a view 1illustrating a state in which a UADV 1
lands on a UGDYV 2 at a port P. Three package entrances Opl
to Op3 are provided at an upper portion of the UGDV 2
illustrated 1n FIG. 2, and a package (baggage) can be carried
in from each of the package entrances Opl to Op3. In the
example of FIG. 2, when the package (baggage) held by the
UADV 1 1s separated after the package entrance Opl of the
UGDV 2 1s opened, the package 1s carried 1 from the
package entrance Opl. That 1s, the UGDV 2 receives the
package from the UADV 1. Accordmg to this configuration,
the package can be automatically transferred from the
UADV 1 to the UGDV 2 without human intervention.
Incidentally, safety 1n package delivery can be improved by
transierring the package after performing authentication on
whether or not the UADV 1 and the UGDV 2 are the
vehicles correct to each other. In this case, a two-dimen-
sional code including a vehicle ID (1dentification informa-
tion) i1dentifying the UADV 1 1s displayed at the lower
portion of the UADV 1 {for authentication, and a two-
dimensional code including a vehicle ID i1dentifying the
UGDYV 2 1s displayed at the upper portion of the UGDYV 2
for authentication. Alternatively, a two-dimensional code
including a package ID identifying the package may be
displayed at the lower portion of the package for authenti-
cation 1n order to authenticate the package instead of the
UADYV 1. Moreover, 1n a case where a package 1s a product
ordered by a purchaser, the package ID may be an order 1D
identifying the product order.

[1-1. Outline of Configuration and Functions of UADV 1]

Next, an outline of a configuration and functions of a
UADYV 1 will be described with reference to FIG. 3. FIG. 3

1s a diagram 1illustrating a schematic configuration example
of the UADV 1. As illustrated in FIG. 3, the UADV 1
includes a drive unit 11, a positioning unit 12, a radio
communication unit 13, an imaging unit 14, a control unit
15, and the like. Incidentally, the UADV 1 includes,
although not illustrated, a rotor (propeller) that 1s a horizon-
tal rotary blade, various sensors, a package holding mecha-
nism, a battery that supplies power to each of the units of the
UADYV 1, and the like. The various sensors used for tlight
control of the UADV 1 include a barometric sensor, a
three-axis acceleration sensor, a geomagnetic sensor, and the
like. Detection information detected by the various sensors
1s output to the control unit 15. The detection information
detected by the barometric sensor 1s used to calculate a tlight
speed of the UADV 1.

The drive unit 11 includes a motor, a rotating shaft, and
the like. The drive unit 11 rotates a plurality of rotors by a
motor, a rotating shaft, and the like that are driven in
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accordance with a control signal output from the control unit
15. The positioning unit 12 1ncludes a radio wave receiver,
an altitude sensor, and the like. For example, the positioning
unit 12 receives, by the radio wave receiver, a radio wave
sent from a satellite of a GNSS (Global Navigation Satellite
System) and detects a current position i a horizontal
direction (latitude and longitude) of the UADV 1 on the
basis of the radio wave. Incidentally, the current position in
the horizontal direction of the UADYV 1 may be corrected on
the basis of an 1image captured by the imaging unit 14 or a
radio wave sent from the radio base station. Furthermore, the
positioning unit 12 may detect the current position (altitude)
in a vertical direction of the UADV 1 with the altitude
sensor. The position information indicating the current posi-
tion detected by the positioning unit 12 1s output to the
control unit 15. Incidentally, the position information of the
UADYV 1 can be applied to the present embodiment even in
a case where the position information indicates the current
position (latitude and longitude) 1n the horizontal direction
of the UADYV 1 (that 1s, two-dimensional position informa-
tion).

The radio communication unit 13 controls communica-
tion performed via the communication network NW. The
imaging unit 14 includes a camera and the like. The imaging
unit 14 continuously captures 1images of a real space within
a range included 1n an angle of view of the camera (a
periphery of the UADV 1). Image information captured by
the 1maging unit 14 1s output to the control unit 15. More-
over, 1n a case where authentication 1s performed before
package transfer, the two-dimensional code displayed on the
upper portion of the UGDYV 2 1s scanned by the imaging unit
14 and output to the control unit 15.

The control unit 15 includes a central processing unit
(CPU) which 1s a processor, a read only memory (ROM), a
random access memory (RAM), a non-volatile memory, and
the like. Incidentally, the control unit 135 1s an example of a
reception unit and an identification unit. The control unit 15
executes various kinds of control for the UADV 1 1
accordance with a control program (program code group)
stored 1n, for example, the ROM or the non-volatile memory.
The various kinds of control include take-oil control, flight
control, landing control, and package providing control. In
the thight control and the landing control, the position
information acquired from the positioning unit 12, the image
information acquired from the imaging unit 14, the detection
information acquired from the various sensors, the transfer
position information acquired from the information man-
agement server 3 and the like, and pre-registered tlight plan
information are used to control a rotation speed of the rotor,
a position, a posture, and an advancing direction of the
UADYV 1. By this configuration, the UADV 1 can fly
autonomously from a departure place to a port. Incidentally,
the control unit 15 can also perform the thght control in
accordance with an instruction signal from a control termi-
nal operated by an operator. On the other hand, in the
package providing control, control 1s performed to separate
the package held by the package holding mechanism (that 1s,
provide the package). With this configuration, the package 1s
transferred from UADV 1 to UGDYV 2.

Moreover, 1n a case where the predetermined condition
based on the position mformation of the UADV 1 that
transports the package i1s satisfied, the control unit 15
acquires, from the information management server 3 or the
GCS, the transier position information indicating a position
of the UGDYV 2 at the time of package transier. According to
this configuration, the UADV 1 can acquire the transier
position mformation at appropriate timing. For example, in
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a case where 1t 1s determined that the UADYV 1 that trans-
ports the package has arrived at a delivery area including a
delivery destination of the package (arrival determination),
the control unit 15 preferably acquires the transfer position
information. This arrival determination may be made by the
UADYV 1 or may be made by the information management
server 3. In the former case, the control unit 15 determines
whether or not the current position detected by the position-
ing unit 12 has entered the delivery area. In a case where the
current position detected by the positioning unit 12 has
entered the delivery area, the control unit 15 determines that
the UADYV 1 has arrived at the delivery area and transmits,
to the information management server 3, arrival information
indicating that the UADYV 1 has arrived. Then, the control
unit 135 acquires the transier position information transmitted
from the information management server 3 in response to
the arrtval information, and identifies a position of the
UGDYV 2 at the time of package transier on the basis of the
transier position information.

Incidentally, as the predetermined condition based on the
position mformation of the UADV 1, a condition that the
time has reached a predetermined period before scheduled
arrival time of the UADV 1 at the delivery area (for
example, 5 minutes before) may be set. In this case, 1n a case
of determining that the time has reached the predetermined
period before the scheduled arrival time of the UADV 1 at
the delivery area, the control unit 15 transmits, to the
information management server 3, arrival information indi-

cating the scheduled arrival of the UADV 1. Then, the

control unit 15 acquires the transier position information
transmitted from the information management server 3 in
response to the arrival information, and 1dentifies a position
of the UGDYV 2 at the time of package transfer on the basis
of the transfer position information. The scheduled arrival
time of the UADV 1 at the delivery area 1s calculated from,
for example, a distance from the current position of UADV
1 to the delivery area and an average flight speed of the
UADV 1.

Moreover, 1n a case where the authentication 1s performed
betore the package transier, the control unit 15 acquires the

vehicle ID of the UGDYV 2 from the two-dimensional code
scanned by the imaging unit 14, and transmits the acquired
vehicle ID to the mformation management server 3. More-
over, for example, the control unit 15 periodically transmiuts,
via the radio communication unit 13, the position informa-
tion acquired from the positiomng unit 12 to the information
management server 3 together with the vehicle 1D of the
UADYV 1. Incidentally, for example, the control unit 15 may
also periodically transmit, via the radio communication unit
23, speed information indicating a tlight speed of the UADV
1 to the information management server 3 together with the
vehicle ID of the UADV 1.

Moreover, for example, every time a state 1s changed, the
control unit 15 may transmit, via the radio communication
umt 13, status information indicating a current state of the
UADYV 1 to the information management server 3 together
with the vehicle ID of the UADYV 1. The current state of the
UADYV 1 includes waiting, transporting, hovering, landing
on a UGDYV, returning, and the like. The state of waiting
indicates a state 1 which the UADV 1 1s waiting at a
package loading place. The state of transporting indicates a
state 1n which the UADV 1 1s flying toward a delivery area

for package transport. The state of hovering indicates a state
in which the UADYV 1 hovers in the air. The state of landing

on a UGDYV indicates a state in which the UADYV 1 lands on
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the UGDYV 2. The state of returning indicates a state in which
the UADYV 1 1s flying toward the package loading place for
returning.

[1-2. Outline of Configuration and Functions of UGDYV 2]

Next, an outline of a configuration and functions of a
UGDYV 2 will be described with reference to FIG. 4. FIG. 4
1s a diagram 1illustrating a schematic configuration example
of the UGDV 2. As illustrated 1n FIG. 4, the UGDV 2
includes a drive unit 21, a positiomng unit 22, a radio
communication unit 23, an 1maging unit 24, a control unit
25, and the like. Incidentally, the UGDV 2 includes,
although not 1llustrated, wheels, a weight sensor, a package
receiving mechanism, a battery that supplies power to each
of the units of the UGDYV 2, and the like. Weight information
indicating a weight value (weight) sensed by the weight
sensor (that 1s, weight information of the package) 1s output
to the control umt 25. The UGDV 2 may be capable of
loading a plurality of packages.

The drive unit 21 includes a motor, a rotating shatt, and
the like. The drive unit 21 rotates a plurality of wheels by a
motor, a rotating shaft, and the like that are driven in
accordance with a control signal output from the control unit
25. Incidentally, the drive unit 21 may include an engine
driven by fuel together with the motor or instead of the
motor. The positioning unit 22 includes a radio wave
receiver and the like. For example, the positioning unit 22
receives, by the radio wave receirver, a radio wave sent from
a satellite of a GNSS (Global Navigation Satellite System)
and detects a current position 1n a horizontal direction
(latitude and longitude) of the UGDYV 2 on the basis of the
radio wave. Incidentally, the current position 1n the horizon-
tal direction of the UGDYV 2 may be corrected on the basis
of an 1mage captured by the imaging unit 24. The position
information indicating the current position detected by the
positioning unit 22 1s output to the control unit 25.

The radio communication unit 23 controls communica-
tion performed via the communication network NW. The
imaging unit 24 includes a camera and the like. The imaging
unit 24 continuously captures 1images of a real space within
a range included 1n an angle of view of the camera (a
periphery of the UGDYV 2). Image information captured by
the 1maging unit 24 1s output to the control unit 25. More-
over, 1n a case where authentication 1s performed before
package transier, a two-dimensional code displayed on the
lower portion of the UADV 1 is scanned by the imaging unit
24 and output to the control unit 25. Alternatively, a two-
dimensional code displayed on the lower portion of the
package 1s scanned by the imaging unit 24 and output to the
control unit 25.

The control unit 25 includes a CPU which 1s a processor,
a ROM, a RAM, a non-volatile memory, and the like.
Incidentally, the control umt 25 1s an example of an acqui-
sition unit. The control unit 25 executes various kinds of
control for the UGDV 2 1in accordance with a control
program stored in, for example, the ROM or the non-volatile
memory. The various kinds of control include movement
control and package receiving control. In the movement
control, the position information acquired from the position-
ing unit 22, the image iformation acquired from the imag-
ing unit 24, port information acquired from the information
management server 3, and the delivery destination informa-
tion acquired from the information management server 3 or
the like are used to control a rotation speed of the wheels,
and a position and an advancing direction of the UGDYV 2.

Here, the port information includes: a port ID of a port to
be a transier place of the package; and position information
indicating an installation position of the port. By this con-
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figuration, the UGDYV 2 can autonomously travel from the
delivery vehicle parking place to the port and from the port
to the delivery destination of the package. On the other hand,
in the package receiving control, the UGDYV 2 1s set to a state
capable of receiving the package by opening a package
entrance provided at the upper portion of the UGDYV 2, and
control 1s performed to carry (that 1s, receive), in the UGDV
2, the package provided from the UADV 1. After the
package 1s thus carried 1n, control 1s performed to close the
package entrance.

In a case of determining that the package 1s received from
the UADYV 1, the control unit 25 preferably acquires delivery
destination information of the package from the information
management server 3, the UADV 1, or the package mounted
on the UADV 1. For example in a case where the weight of
the package 1s sensed by the weight sensor, it 1s determined
that the package 1s received. In a case where the delivery
destination mformation of the package i1s acquired from the
information management server 3, in the case of determin-
ing that the package i1s received from the UADV 1, the
control unit 235 transmits, to the information management
server 3, package receipt information indicating that the
package 1s recetved. Then, the control unit 25 acquires the
delivery destination information transmitted from the infor-
mation management server 3 in response to the package
receipt information.

Moreover, the control unit 25 may acquire the weight
information of the package from the information manage-
ment server 3 or the like before acquiring the delivery
destination information of the package. In this case, the
control unit 25 compares the weight information acquired
from the information management server 3 or the like with
the weight information acquired from the weight sensor, and
in a case where a diflerence between the weight values
indicated by the respective pieces of the weight information
1s equal to or less than a threshold (for example, equal to or
less than an error range), the control unit 235 determines that
the package 1s received.

Moreover, 1mn a case where authentication 1s performed
before the package transter, the control unit 25 acquires the
vehicle 1D of the UADV 1 or the package ID of the package
from the two-dimensional code scanned by the 1maging unit
24, and transmits the acquired vehicle ID or package ID to
the i1nformation management server 3. Moreover, for
example, the control unit 25 periodically transmits, via the
radio communication unit 23, the position nformation
acquired from the positioning unit 22 to the information
management server 3 together with the vehicle 1D of the
UGDYV 2. Particularly, the control umt 25 preferably trans-
mits, to the information management server 3 as the transier
position information, the position information indicating the
current posr[lon detected by the positioning unit 22 when the
UGDYV 2 arrives and stops at the port that 1s to be the transter
place of the package.

Moreover, for example, every time a state 1s changed, the
control unit 25 may transmit, via the radio communication
umt 23, status information indicating the current state of the
UGDYV 2 to the information management server 3 together
with the vehicle ID of the UGDV 2. The current state of
UGDYV 2 includes waiting, moving to a port, stopping at a
port, delivering, returning, and the like. The state of waiting
indicates a state in which the UGDYV 2 1s waiting at the
delivery vehicle parking place. The state of moving to a port
indicates a state in which the UGDYV 2 1s moving toward a
port designated as a transier place of the package. The state
of stopping at a port indicates a state in which the UGDYV 2
stops on a port designated as a transfer place of a package.
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The state of delivering indicates a state 1n which the UGDYV
2 1s moving toward a delivery destination of the package 1n
order to deliver the package. The state of returning indicates
a state 1n which the UGDYV 2 1s moving toward the delivery
vehicle parking place for returning.

[1-3. Outline of Configuration and Functions of Informa-
tion Management Server 3]

Next, an outline of a configuration and functions of the
information management server 3 will be described with
reference to FIGS. 5 and 6. FIG. 5 1s a diagram 1llustrating,
a schematic configuration example of the information man-
agement server 3. As 1illustrated 1n FIG. 5, the information
management server 3 includes a communication unit 31, a
storage unit 32, an information processing unit 33, and the
like. The communication unit 31 controls communication
performed via the communication network NW.

The storage unit 32 includes, for example, a hard disk
drive and the like. For each of a plurality of ports, the storage
unit 32 stores, 1n a manner correlated to each other, a port 1D
of a port, information of a delivery area where the port 1s
installed, and position information indicating an installation
position of the port. The information of the delivery area
includes, for example, a name of the delivery area. Also, for
cach of a plurality of packages, the storage unit 32 stores a
package ID of a package and delivery destination informa-
tion of the package in a manner correlated to each other.
Incidentally, 1n a case where a package 1s a product ordered
by a purchaser, an order ID of the product and order
information including delivery destination information of
the product may be stored in a manner correlated to each
other. Moreover, for each of the plurality of UADVs 1, the
storage unit 32 stores a vehicle ID of a UADV 1, position
information indicating a current position of the UADV 1,
and status formation indicating a current state of the

UADYV 1, in a manner correlated to each other.

Further, for each of a plurality of UGDVs 2, the storage
unit 32 stores, 1n a manner correlated to each other, a vehicle
ID of a UGDYV 2, information of a delivery area where the
UGDYV 2 1s disposed, load availability information of the
UGDYV 2, position information indicating a current position
of the UGDYV 2, and status information indicating a current
state of the UGDV 2. The load availability information
indicates whether or not the UGDV 2 1s available {for
package loading. For example, load availability information
of a UGDYV 2 that loads the number of packages fewer than
the maximum number of packages that can be loaded
indicates that the UGDYV 2 1s available for loading. The load
availability immformation may also include the number of
packages that can be loaded at the current time point. The
load availability information 1s updated when the UGDYV 2
1s assigned as a ground delivery means of a package, for
example. Moreover, the position information indicating the
current position and the status information indicating the
current state of each of the UADV 1 and the UGDYV 2 are
successively updated by receiving information from the
UADV 1 and the UGDV 2.

In a case where a building (for example, an apartment
building or an office building) individually owns a UGDYV 2,
the UGDV 2 1s the UGDV 2 exclusive for the building.
Considering this case, the storage unit 32 may store exclu-
s1vity information 1n a manner correlated to the vehicle 1D
of the UGDV 2. The exclusivity information indicates
whether or not the UGDV 2 1s exclusive for a specific
building, and 1n a case where the UGDYV 2 1s exclusive for
the specific building, the exclusivity information includes a
name and an address of the building.
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The information processing unit 33 includes a CPU that 1s
a processor, a ROM, a RAM, a non-volatile memory, and the
like. FIG. 6 1s a diagram illustrating an example of func-
tional blocks i the information processing unit 33. As
illustrated 1 FIG. 6, the imnformation processing unit 33
functions as an information management unit 33a, a delivery
vehicle selection unit 3354, an information transmission/
reception unit 33¢, and a delivery vehicle authentication unit
334 1n accordance with a program stored 1n the ROM or the
non-volatile memory, for example. Incidentally, the infor-
mation processing unit 33 1s an example of first to third
information processing units. The delivery vehicle selection
unit 335 1s an example of a selection unit. The information
transmission/reception unit 33¢ 1s an example of a transmis-
sion unit, first to fourth transmission units, and first to third
reception units. The delivery vehicle authentication unit 334
1s an example of first and second authentication units.

The information management unit 33a uses the storage
unit 32 to manage, 1n a correlated manner, a package 1D of
a package, delivery destination information of the package,
a vehicle ID of a UADV 1 that transports the package, a
vehicle ID of a UGDYV 2 that receives the package, and
transier position mformation indicating a position of the
UGDYV 2 that receives the package at the time of package
transfer. That 1s, when the UADV 1 that transports the
package 1s selected, the information management unit 33a
first correlates the package ID and the delivery destination
information of the package to the vehicle ID of the UADV
1 that transports the package. Next, when the UGDV 2 that
receives the package i1s selected and assigned, the informa-
tion management unit 33a correlates the ID and the delivery
destination information of the package to the vehicle ID of
the UGDV 2 that receives the package. Next, when the
selected UGDYV 2 arnives at, for example, a port to be a
transier place of the package, the mnformation management
umit 33aq correlates the ID and the delivery destination
information of the package to transier position information
indicating a position at the time of package transfer of the
UGDYV 2 that recerves the package.

Here, 1n a case where the area of the port 1s equal to or
smaller than the threshold (for example, 1n a case where only
one UGDYV 2 can stop at the port), when the port to be the
transter place of the package 1s determined by, for example,
the information processing umt 33, the ID and the delivery
destination information of the package may be correlated to
the transfer position information indicating the position at
the time of package transier of the UGDYV 2 that receives the
package. Incidentally, the vehicle 1D of the UADV 1 or the
package ID of the package 1s managed as first ID (first
identification information), and the vehicle ID of the UGDYV
2 1s managed as third ID (third identification information).

The delivery vehicle selection unit 335 selects one UGDV
2 available for use on the basis of, for example, the load
availability information and the status information stored 1n
the storage unit 32, from among a plurality of UGDVs 2
disposed 1n a delivery area of the package transported by the
UADYV 1. With this configuration, the one UGDYV 2 avail-
able for use 1s assigned for the package as a ground delivery
means for the package, and then used for package delivery.
The one UGDYV 2 available for use 1s, for example, a UGDV
2 that can load a package when the UGDYV 2 1s selected, and
also 1s the UGDYV 2 1n the state of waiting or returning.
However, even 1n a case where a UGDV 2 1n the state of
moving to a port or stopping at a port (UGDYV 2 that already
loads a different package), in a case where the UGDYV 2 can
turther load a package and a port to which the UGDYV 2 1s
advancing (or stopping at) 1s designated as the transter place
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of the package, the UGDYV 2 may be selected as one UGDYV
2 available for use. According to this configuration, a
plurality of UGDVs 2 can be efliciently used for package
delivery.

Moreover, 1n a case where there 1s a plurality of UGDVs 5
2 available for use, the delivery vehicle selection unit 3356
may preferentially select, from among the plurality of
UGDVs 2 available for use, a UGDV 2 whose current
position 1s located relatively close to the position of the port
designated as the transier place of the package (that 1s, the 10
position at the time of package transier). Moreover, 1n a case
where the exclusivity information is stored in the storage
unit 32, the delivery vehicle selection umit 3356 may prefer-
entially select, from among the plurality of UGDVs 2
available for use, a UGDYV 2 exclusive for a building of a 15
delivery destination of the package on the basis of the
exclusivity information correlated to a vehicle ID of each
UGDYV 2. That 1s, the delivery vehicle selection unit 335
preferentially selects a UGDYV 2 whose exclusivity infor-
mation including a name and an address of the building of 20
the delivery destination of the package.

Incidentally, in a case where delivery destinations of a
plurality of packages transported by one or a plurality of
UADVs 1 are included 1n a same delivery area, the delivery
vehicle selection unit 335 preferably selects, on the basis of 25
the load availability information stored in the storage unit
32, one UGDV 2 available for loading the plurality of
packages. In this case, a package assigned to the UGDYV 2,
which 1s same as a package transported by a UADV 1 that
first arrived at the delivery area, 1s preferably limited to a 30
package transported by a UADV 1/UADVs 1 having arrived
at the delivery area within a predetermined period from the
arrival time of the UADV 1.

In a case where the predetermined condition based on
position information of a UADYV 1 that transports a package 35
1s satisfied, the information transmission/reception umt 33¢
transmits, to the UADV 1, transfer position information
indicating a position at the time of package transfer of a
UGDYV 2 selected by the delivery vehicle selection unit 335.
For example, 1n a case where 1t 1s determined that the UADV 40
1 has arrived at the delivery area including the delivery
destination of the package (arrival determination), the infor-
mation transmission/reception unit 33¢ transmits the transier
position information to the UADV 1. Here, the transier
position information 1s transmitted from the UGDYV 2 as 45
described above or generated by the information processing
unit 33 on the basis of the port information.

The above-described arrival determination may be made
by the UADV 1 as described above or may be made by the
information management server 3. In the former case, the 50
information transmission/reception unit 33¢ transmits the
transier position information to the UADV 1 1n response to
the arrival information transmitted from the UADV 1 as
described above. On the other hand, in the latter case, the
information processing unit 33 makes arrival determination 55
by determining whether or not a current position indicated
by position information periodically transmitted from the
UADYV 1 has entered the delivery area. In the case where the
current position enters the delivery area, the information
transmission/reception unit 33¢ determines that the UADV 60
1 has arrived at the delivery area and transmits the transfer
position mformation to the UADV 1.

Incidentally, a condition that the time has reached a
predetermined period before scheduled arrival time of a
UADV 1 at the delivery area may be set as the predeter- 65
mined condition based on the position immformation of the
UADYV 1 as described above. In this case, the information
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transmission/reception unit 33¢ may transmit the transier
position information to the UADYV 1 1n a case of determining
that the time has reached the predetermined period before
the scheduled arrival time of the UADV 1 at the delivery
area.

Moreover, the information transmission/reception unit
33c¢ transmits delivery destination imnformation of the pack-

age transported by the UADV 1 to the UGDYV 2 selected by
the delivery vehicle selection unit 335 (that 1s, the UGDYV 2
whose position at the time of package transfer 1s 1dentified
by the UADV 1). For example, 1n a case of recerving the
package receipt information from the UGDYV 2, the infor-
mation transmission/reception unit 33¢ preferably transmits
the delivery destination information of the package to the
UGDYV 2 selected by the delivery vehicle selection unit 335.

Incidentally, i a case of the delivery system S including,
one UADV 1 and one UGDYV 2, the information transmis-
s1on/reception unit 33¢ transmits the transier position infor-
mation of the one UGDYV 2 to the one UADV 1 1n a case
where the predetermined condition based on the position
information of the one UADYV 1 1s satisfied. In this case, the
delivery vehicle selection unit 335 becomes unnecessary.

In a case where a vehicle ID of a UADV 1 or a package
ID transmitted from a UGDYV 2 1s received as second ID
(second 1dentification information) by the information trans-
mission/reception unit 33c¢, the delivery vehicle authentica-
tion unit 334 authenticates the UADV 1 or the package by
using the first ID managed by the information management
umt 33a and the second ID received by the information
transmission/reception unit 33¢. In this authentication, the
delivery vehicle authentication unit 33d compares the first
ID with the second ID, and 1n a case where the first 1D
comncides with the second 1D, the delivery vehicle authen-
tication unit 334 determines that the authentication 1s suc-
cessful. Then, 1n the case where the authentication 1s deter-
mined as successiul by the delivery vehicle authentication
unmit 334, the information transmission/reception unit 33c¢
transmits authentication success information to the UGDYV
2. This authentication success information may also be
control information that sets a UGDYV 2 to a state capable of
receiving a package.

Moreover, 1n a case where a vehicle ID of a UGDV 2
transmitted from a UADYV 1 1s received as fourth 1D (fourth
identification information) by the information transmission/
reception unit 33¢, the delivery vehicle authentication unit
33d authenticates the UGDV 2 by using the third ID
managed by the mnformation management unit 33q¢ and the
fourth ID received by the information transmission/recep-
tion unit 33c¢. In this authentication, the delivery vehicle
authentication unit 334 compares the third ID with the fourth
ID, and 1n a case where the third ID coincides with the fourth
ID, the delivery vehicle authentication unit 334 determines
that the authentication 1s successful. Then, 1n a case where
the authentication 1s determined as successiul by the deliv-
ery vehicle authentication unit 334, the information trans-
mission/reception unit 33¢ transmits the authentication suc-
cess 1nformation to the UADV 1. This authentication
success 1nformation may also be control information to
provide a package to a UGDYV 2.

[2. Operation of Delivery System S]

Next, an operation of the delivery system S according to
the present embodiment will be described with reference to
FIGS. 7 to 9. FIG. 7 1s a conceptual diagram illustrating
movements of UADVs 1 and UGDVs 2 in a delivery area Ar.
FIG. 8 1s a sequence diagram illustrating an exemplary
operation of the delivery system S from when a UADV 1
arrives at the delivery area Ar until the UADV 1 lands on a
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UGDV 2. FIG. 9 1s a sequence diagram 1illustrating an
exemplary operation of the delivery system S from when the
UADV 1 lands on the UGDYV 2 unftil the UGDYV 2 delivers

a package to a delivery destination.

In the delivery area Ar illustrated 1in FI1G. 7, there are three
buildings Ba to Bc, and ports Pa to Pc are installed near the
buildings Ba to Bc respectively. However, the respective
ports Pa to Pc are the ports not exclusive for the respective
buildings Ba to Bc. For example, even 1n a case where a
delivery destination of a package 1s in the building Ba, there
1s a case where port Pb 1s determined as a transfer place of
the package. Moreover, a delivery vehicle parking place Sp
1s 1nstalled 1n the delivery area Ar in order that UGDVs 2a
to 2d capable of loading a plurality of packages may wait.

The example of FIG. 7 illustrates a state immediately before
a UADYV 1a and a UADYV 1c¢ each of which transports a
package arrive at the delivery area Ar and also illustrates a
state when a UADYV 1b which transports a package lands on
the UGDYV 256 that currently stops at the port Pb.

Incidentally, 1n the operation described below, 1n a case
where the UADYV 1aq that transports the package arrives at
the delivery area Ar, the UGDV 2a 1s assigned for the
package and moves to the designated port Pa. However,
even before the UADYV 1a arrives at the delivery area Ar, 1n
a case where a predetermined condition based on position
information of the UADYV 14 1s satisfied, the UGDYV 2a 1s
assigned for the package and moves to the designated port
Pa.

In FIG. 8, for example, when the UADYV 1a arrives at the
delivery area Ar including the delivery destination of the
package (step S1), the UADV 1a transmits an arrival noti-
fication to the information management server 3 (step S2).
This arrival notification 1s arrival information indicating that
the vehicle has arrived at the delivery area Ar. Incidentally,
as described above, arrival determination at the delivery area
Ar 1s made by determining, for example, whether or not a
current position of the UADYV 1a has entered the delivery
area Atr.

Next, when the arrival notification 1s received from the
UADYV 1a, the information management server 3 selects a
UGDYV 2g available for use from among the UGDVs 2a to
2d disposed 1n the delivery area Ar, and assigns the UGDYV
2a for the package transported by the UADYV 1a (step S3).
That 15, 1n a case where 1t 1s determined that the UADV 1a
that transports the package has arrived at the delivery area Ar
including the delivery destination of the package, the deliv-
ery vehicle selection unit 335 selects and assigns the UGDV
2a. Since the UGDYV 2a 1s thus assigned immediately before
package delivery, the UGDVs 2a to 2d can be more efli-
ciently used for package delivery.

By the way, in a case where the UGDVs 2a, 2¢, and 2d
illustrated 1n FIG. 7 are available for use at the time of
selection 1n step S3, the delivery vehicle selection unit 335
preferably selects, for example, the UGDYV 2a whose current
position 1s closest to the port Pa from among the UGDVs 2a,
2¢, and 2d. According to this configuration, the UGDYV 2a
can deliver the package to the delivery destination more
quickly. Alternatively, i this case, 1n a case where the
UGDYV 2a 1s, for example, exclusive for the building Ba that
1s the delivery destination of the package, the delivery
vehicle selection unit 335 selects, from among the UGDYV
2a, 2¢, and 2d, the DGDYV 2a exclusive for the building Ba
that 1s the delivery destination of the package. According to
this configuration, the UGDYV 2qa can deliver the package to
the delivery destination more quickly, and a user of the
building Ba can receive the package more quickly.
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Incidentally, 1n the exemplary case illustrated in FIG. 7,
the delivery destination of the package transported by the
UADYV 1a and a delivery destination of the package trans-
ported by the UADYV 1c are 1n the same delivery area Ar, and
the UADYV 1c 1s scheduled to arrive at the delivery area Ar
within a predetermined period from arrival time of the
UADYV 1a. In this case, in a case where the number of
packages that can be loaded and indicated by load avail-
ability information correlated to a vehicle ID of the UGDV
2a 1s two or more 1n step S3, the delivery vehicle selection
unmit 335 preferably assigns the UGDYV 2a for the package
transported by the UADYV 1q and the package transported by
the UADV 1c. According to this configuration, battery
power consumption or fuel consumption of the UGDV 2a
can be reduced.

Next, the information management server 3 determines a
port to be a transfer place of the package transported by the
UADYV 1a (step S4). For example, the port Pa closest to the
delivery destination of the package 1s determined as the
transier place of the package. Next, the information man-
agement server 3 transmits port information of the port Pa
determined in step S4 to the UGDYV 2a assigned in step S3
(step S5).

Next, when the port immformation 1s recerved from the
information management server 3, the UGDYV 2aq moves to
the port Pa indicated by the port information under the
movement control of the control unit 25 (step S6). Next,
when the UGDYV 2a arrives at the designated port Pa and
stops on the port Pa, the UGDYV 2a transmits the position
information indicating the current position detected by the
positioning unit 22 and a movement completion notification
to the information management server 3 (step S7). This
movement completion notification 1s movement completion
information indicating that the movement to the port Pa 1s
completed.

Next, when the position mformation and the movement
completion notification are received from the UGDYV 2aq, the
information management server 3 transmits the received
position mformation to the UADYV 1a as transier position
information indicating a position at the time of package
transier of the UGDYV 2a that receives the package (step S8)
When the transfer position information 1s receirved from the
information management server 3, the UADV 1q 1dentifies
the position of the UGDYV 2aq at the time of package transier
on the basis of the transfer position information, and moves
to the position imndicated by the transier position information
under the tlight control and the landing control of the control
unit 15, and then lands on the UGDYV 2q that currently stops
on the port Pa (step S59).

Next, in FIG. 9, when the UADV 1a determines that the
landing 1s completed, the UADYV 1a transmits a landing
notification to the mmformation management server 3 (step
S510). This landing notification 1s landing information 1ndi-
cating that the landing on the UGDV 2a 1s completed
(landing completion). Next, when the landing notification 1s
received from the UADYV 1a, the information management
server 3 transfers the landing notification to the UGDYV 24
(step S11).

Next, when the landing notification is received from the
information management server 3, the UGDYV 2a acquires a
vehicle ID or a package ID as the second ID by scanning,
with the imaging unit 24, a two-dimensional code displayed
on a lower portion of the UADYV 1a or a lower portion of the
package mounted on the UADYV 1a (step S12). That 1s, 1n a
case of recerving the landing notification from the informa-
tion management server 3, the UGDV 2a acquires the

second ID from the UADYV 1a or the package. With this
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procedure, the two-dimensional code 1s scanned when the
landing of the UGDYV 2a 1s surely performed, and therefore,
the second ID can be surely acquired. Next, the UGDYV 24
transmits, to the information management server 3, the
second ID acquired in step S12 and an authentication request
(step S13).

Incidentally, 1n step S12, the UGDYV 2a may determine
landing completion of the UADYV 1a and may acquire the
second ID from the UADYV 1a or the package. In this case,
the landing notification from the information management
server 3 1s unnecessary. However, since there may be a case
where the UADV 1a starts moving after the UGDV 24
determines the landing completion of the UADYV 1a, it 1s
desirable that the UGDYV 2a explicitly obtains the landing
completion. Moreover, since there may be a case where a
definition of the landing completion 1s different depending
on each UADYV 1, it 1s desirable that the UGDYV 2a explicitly
obtains the landing completion. For example, there may be
a case where a state in which the rotor (propeller) 1s stopped
1s defined as the landing completion, and also there may be
a case where a state 1s defined as the landing completion
even though the rotor i1s not stopped, depending on defini-
tions of the landing completion. In the case where the state
in which the rotor 1s stopped 1s defined as the landing
completion, a state in which the rotor is still running 1is
deemed as incomplete landing.

Next, when the second ID and the authentication request
are received from the UGDYV 2a, the information manage-
ment server 3 authenticates the UADYV 1a or the package
mounted on the UADYV 1a by using the first ID managed by
the information management unit 33a and the receirved
second ID 1n response to the authentication request (step
S14). Next, the information management server 3 transmits
an authentication result to the UGDYV 2a (step S15). In a case
where 1t 1s determined that the authentication 1s successiul in
the authentication in step S14, the authentication result to be
transmitted to the UGDYV 2qa includes authentication success
information indicating the success of authentication. This
authentication success information may also be control
information that sets a UGDV 2 to a state capable of
receiving a package. On the other hand, in a case where 1t 1s
determined 1n step S14 that the authentication 1s failed, an
authentication result to be transmitted to the UGDV 2a
includes authentication failure information indicating the
tailure of authentication.

Next, when the authentication result indicating the
authentication success information i1s received from the
information management server 3, the UGDYV 24 1s set to the
state capable of recerving the package from the UADYV 1a by
opening a package entrance provided at an upper portion of
the UGDYV 2a under the package receiving control by the
control unmit 25 (step S16). When the state capable of
receiving the package 1s thus set, the UGDYV 24 transmits a
preparation completion notification to the information man-
agement server 3 (step S17). This preparation completion
notification 1s preparation completion information indicating
that preparation for receiving the package 1s completed.

On the other hand, when the authentication result indi-
cating the authentication failure information 1s received
from the mformation management server 3, the UGDYV 2a
returns to, for example, the delivery vehicle parking place
Sp without opening the package entrance provided at the
upper portion of the UGDYV 2aq (that 1s, without recerving the
package). At this time, the information management server
3 may transmit a return command to the UADYV 1a. With this
procedure, the UADYV 1a returns to, for example, a package
loading place 1n response to the return command from the
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information management server 3. Incidentally, 1n a case
where the authentication result indicating the authentication
failure information 1s received from the information man-
agement server 3, the UGDYV 2q may transmit a confirma-
tion notification to the information management server 3
instead of immediately returning. The confirmation notifi-
cation 1s information indicating that the failure of authenti-
cation 1s confirmed. In this case, when the confirmation
notification 1s received from the UGDYV 2a, the information
management server 3 transmits a return command to each of
the UADYV 1a and the UGDYV 2a. With this procedure, each
of the UADYV 1a and the UGDYV 2a returns 1n response to the
return command from the information management server 3.

Next, when the preparation completion notification 1s
received from the UGDYV 2a, the information management
server 3 transfers the preparation completion notification to
the UADV 1a (step S18). Next, when the preparation
completion notification 1s received from the information
management server 3, the UADV 1a acquires a vehicle 1D
as the fourth ID by scanning, with the imaging unit 14, a
two-dimensional code displayed on the upper portion of the
UGDYV 2a (step S19). Next, the UADV 1a transmits the
tourth ID acquired 1n step S19 and an authentication request
to the information management server 3 (step S20).

Next, when the fourth ID and the authentication request
are recerved from the UADYV 1a, the information manage-
ment server 3 authenticates the UGDYV 2a by using the third
ID managed by the information management unit 33a and
the received fourth ID 1n response to the authentication
request (step S21). Next, the information management
server 3 transmits an authentication result to the UADV 1a
(step S22). In a case where 1t 1s determined that the authen-
tication 1s successiul 1n the authentication in step S21, the
authentication result to be transmitted to the UADV la
includes authentication success information indicating the
success ol authentication. This authentication success infor-
mation may also be control information to provide a package
to a UGDV 2. On the other hand, in a case where 1t 1s
determined in step S21 that the authentication 1s failed, the
authentication result to be transmitted to the UADV 1la
includes authentication failure information indicating the
failure of authentication.

Next, when the authentication result indicating the
authentication success information 1s recerved from the
information management server 3, the package held by the
package holding mechanism 1s separated under the package
providing control of the control umt 135, thereby the UADV
1a providing the package to the UGDYV 2a (step S23). The
UGDYV 2a recerves, from the package entrance, the package
provided from the UADYV 1a (step S24). Next, when the
UADYV 1a provides the package to the UGDV 2a, the
UADYV 1aq transmits a package provision notification to the
information management server 3 (step S25). This package
provision notification 1s package provision information indi-
cating that the package 1s provided. On the other hand, when
package reception 1s determined by, for example, sensing the
weight of the package with the weight sensor, the UGDYV 2a
transmits a package receipt notification to the information
management server 3 (step S26). This package receipt
notification 1s package receipt information indicating that
the package 1s received.

On the other hand, when an authentication result indicat-
ing the authentication failure mmformation 1s recerved from
the mformation management server 3, the UADV 1a does
not provide the package to the UGDYV 2a and returns to, for
example, the package loading place with the package
mounted. At this time, the information management server 3
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may transmit a return command to the UGDYV 2a. With this
procedure, the UGDYV 2a closes the package entrance and
returns to, for example, the delivery vehicle parking place
Sp 1n response to the return command from the imnformation
management server 3. Incidentally, in a case where the
authentication result indicating the authentication failure
information 1s recerved from the mmformation management
server 3, the UADV 1a may transmit the confirmation
notification to the information management server 3 instead
of immediately returning. The confirmation notification 1s
information indicating that the failure of authentication is
confirmed. In this case, when the confirmation notification 1s
received from the UADYV 1a, the information management
server 3 transmits a return command to each of the UADV
la and the UGDV 2a. With this procedure, each of the
UADYV 1a and the UGDYV 2a returns 1n response to the
return command from the information management server 3.

Next, when the package provision notification 1s received
from the UADYV 1a and the package receipt notification 1s
received from the UGDYV 2a, the information management
server 3 acquires a package ID (or a purchase order 1D)
correlated to the vehicle ID of the UADYV 1qa, and makes a
search and acquires the delivery destination information of
the package on the basis of the package ID (step S27). Next,
the information management server 3 transmits, to the
UGDYV 2a, the delivery destination imnformation acquired in
step S27 (step S28). Thus, 1n a case where the authentication
for the UADYV 1a and the UGDYV 2a 1s successiul and the
package receipt notification 1s received from the UGDYV 2a,
the information management server 3 transmits the delivery
destination information of the package to the UGDV 2a.
According to this configuration, it 1s possible to prevent the
delivery destination imnformation of the package from being
carelessly provided to the outside, and safety in package
delivery can be improved.

Next, when the delivery destination information of the
package 1s received from the information management
server 3, the UGDYV 2q autonomously moves on the ground
under the movement control of the control unit 25 on the
basis of the delivery destination information, and delivers
the package to the delivery destination (step S29). Thus, the
package transported by UADYV 1a 1s sent to the delivery
destination by the UGDYV 2a.

In the exemplary operation described above, 1n the case
where authentication for the UADYV 1a or the package 1s
successiul (step S14), the package entrance of the UGDYV 2a
1s opened, and after that, 1n the case where the authentication
of the UGDYV 2a 1s successiul (step S21), the package is
separated. With this configuration, since the package 1s
separated under the condition that both kinds of the above
authentication are successiul, 1t 1s possible to prevent the
package from losing a place to go (1n other words, prevent
the package from being separated even when the package
entrance of the UGDYV 2a 1s not opened), and the safety 1n
package delivery 1s further improved. However, the authen-
tication for the UGDV 2a may be performed prior to the
authentication for the UADV 1la or the package if the
package can be prevented from losing a place to go by a
different method. In this case, 1n a case where the authen-
tication for the UGDV 2a 1s successiul, the package 1s
separated and placed at a predetermined position of the
upper portion ol the UGDV 2q, and after that, 1n a case
where the authentication for the UADYV 1a or the package
authentication 1s successiul, the package entrance of the
UGDYV 2a 1s opened and the package 1s carried 1n.

As described above, according to the above-described
embodiment, 1n a case where a predetermined condition
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based on position information of a UADYV 1 1s satisfied, the
UADYV 1 acquires transier position information indicating a
position at the time of package transier of a UGDYV 2 that
receives a package, and the UGDV 2 acquires delivery
destination information of the package from the UADV 1,
and therefore, the UADV 1 and the UGDYV 2 are linked and
the UADV 1 can quickly pass the package to the UGDYV 2,
and also the UGDYV 2 can quickly deliver, to the delivery
destination, the package that has been passed to the UGDV
2.

Incidentally, 1n the exemplary operation illustrated 1n FIG.
9, 1n the case where the landing notification 1s received from
the information management server 3, the UGDYV 2a may
receive the package from the UADV 1a (for example, put
the package on a roof of the UADYV 1a) without performing
authentication for the package or the UADV 1a that has
landed and also without opening the package entrance. In
this case, the authentication for the UADYV 1a or the package
1s performed after the UGDYV 24 has received the package.
Then, 1n a case where the authentication for the UADV 1a
or the package 1s successiul, the UGDV 2a opens the
package entrance to carry in the package and delivers the
package, whereas 1n a case where the authentication for the
UADYV 1a or the package 1s failed, the UGDYV 2a retracts the
package without delivering the package. Alternatively, in the
case where the landing notification 1s received from the
information management server 3, the UGDYV 2aq may open
the package entrance and receive the package from the
UADYV 1a without performing the authentication for the
package or the UADYV 1aq that has landed. In this case, the
authentication for the UADYV 1a or the package 1s performed
alter the UGDYV 2a has received the package. Then, 1n the
case where the authentication for the UADV 1a or the
package 1s successiul, the UGDYV 2a delivers the package,
whereas 1n a case where the authentication for the UADYV 1a
or the package 1s failed, the UGDYV 2a retracts the package
without delivering the package.

Moreover, 1in the exemplary operation illustrated 1n FIG.
9, the UADYV 1aq and the UGDYV 2a are authenticated by the
information management server 3, but the authentication
may be mutually performed between the UADV 1q and the
UGDV 2a. In this case, in the case where the landing
notification 1s received from the information management
server 3, the UGDV 2a acquires the vehicle ID or the
package ID as the second ID by scanning, with the imaging
unmt 24, the two-dimensional code displayed on the lower
portion of the UADYV 1a or the lower portion of the package
mounted on the UADV 1a. Then, the UGDV 2a authenti-
cates the UADYV 1a or the package mounted on the UADV
1a by using the acquired second ID, and for example, the
first ID acquired from the information management server 3.
On the other hand, in the case where the preparation
completion notification 1s received from the information
management server 3, the UADYV 1a acquires the vehicle 1D
as the fourth ID by scanning, with the imaging unit 14, the
two-dimensional code displayed on the upper portion of the
UGDYV 2a. Then, the UADYV 1a authenticates the UGDYV 2a
by using the acquired fourth ID, and for example, the third
ID acquired from the immformation management server 3.

Incidentally, 1t should be noted that the foregoing embodi-
ment 15 one embodiment of the present invention and does
not limit the present invention accordingly; and any change,
addition, or modification of the foregoing embodiment
appropriately made within the spirit of the present invention
will naturally fall within the technical scope of the present
invention. Moreover, the number N 1n an “Nth acquisition
step” and an “Nth transmission step” described 1n the claims
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are independent from processing order and not necessarily
intended to represent the processing order.
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to receipt by the selected unmanned ground delivery
vehicle of the package from the unmanned aerial deliv-

ery vehicle,
REFERENCE SIGNS LIST wherein, based on a presence of another unmanned aerial
5 delivery vehicle that i1s scheduled to arrive in the
1 UADV delivery area within a predetermined period of time
2 UGDV from a time of the arrival by the unmanned aerial
3 Information management server delivery vehicle to the delivery area, a same unmanned

ground delivery vehicle 1s selected from the plurality of
unmanned ground delivery vehicles disposed within
the delivery area for both the unmanned aerial delivery
vehicle and the another unmanned aerial delivery
vehicle, the delivery area including both the delivery
destination of the package transported by the unmanned
15 aenial delivery vehicle and a second delivery destina-
tion of a second package transported by the another
unmanned aerial delivery vehicle, the second delivery
destination being separate from the delivery destination
of the package transported by the unmanned aerial
delivery vehicle, the second package transported trans-
ferred by the another unmanned aerial delivery vehicle
to the selected unmanned ground delivery vehicle.

2. The delivery method according to claim 1, further
comprising delivering the package to the delivery destina-
tion by the selected unmanned ground delivery vehicle
autonomously moving based on the delivery destination of
the package according to a movement control program
executing on a processor of the unmanned ground delivery
vehicle.

11, 21 Drive unit

12, 22 Positioming unit

13, 23 Radio communication unit
14, 24 Imaging unit

15, 25 Control unit

31 Communication unit

32 Storage unit

33 Information processing unit
33a Information management unit
336 Delivery vehicle selection unit
33¢ Information transmission/reception unit

33d Delivery vehicle authentication unit
S Delivery system

10
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The 1nvention claimed 1s:

1. An automated delivery method executed by a delivery
system 1ncluding a first information processing unit execut-
ing on a processor, an unmanned aerial delivery vehicle, and
a plurality of unmanned ground delivery vehicles, the deliv-
ery method comprising:

25

entering, by the unmanned aerial delivery vehicle, a 30 3. The delivery method according to claim 1, wherein:
predefined delivery area within which a delivery des- the first mnformation processing unit i1s configured to
tination of a package, transported by the unmanned manage transier position information indicating the
aerial delivery vehicle at a time of entry to the delivery transier position, and
area, 1s located, each of the plurality of unmanned the acquisition of the transier position by the unmanned
ground delivery vehicles being disposed within the 35 aerial delivery vehicle 1s based on transmitting, by the

delivery area;

determining, by the unmanned aerial delivery vehicle, a
current position of the unmanned aerial delivery
vehicle, based on receipt, by a signal receiver of the
unmanned aenal delivery vehicle, of a navigation sig-
nal;

detecting, by one of the first information processing unit
and a processor ol the unmanned aerial delivery
vehicle, an arrival of the unmanned aenal delivery

first information processing unit, the transier position
information to the unmanned aerial delivery vehicle.
4. The delivery method according to claim 1, wherein the

selected unmanned ground delivery vehicle determines that

40 the package 1s received responsive to sensing a weight of the

package.

5. The delivery method according to claim 1, wherein
the delivery system further includes a second information
processing unit executing on a processor and config-

vehicle to the delivery area, based on the current 45 ured to manage delivery destination information indi-
position of the unmanned aerial delivery vehicle; cating the delivery destination of the package, and
selecting, by the first mmformation processing unit, an the acquisition of the delivery destination by the selected
unmanned ground delivery vehicle available for use unmanned ground delivery vehicle includes transmit-
from among the plurality of unmanned ground delivery ting, by the second information processing umt, the
vehicles; 50 delivery destination information of the package to the

automatically acquiring, by the unmanned aerial delivery
vehicle, a transter position at which the package 1s to be
transierred from the unmanned aerial delivery vehicle
to the selected unmanned ground delivery vehicle, the
acquisition of the transfer position being responsive to
detecting the arrival by the unmanned aernial delivery
vehicle to the delivery area;

autonomously moving, by the unmanned aerial delivery
vehicle, to the acquired transier position according to a
flight control program executing on the processor of the
unmanned aerial delivery vehicle;

transferring the package, by the unmanned aenal delivery
vehicle, to the selected unmanned ground delivery
vehicle at the acquired transfer position; and

acquiring, by the selected unmanned ground delivery
vehicle, the delivery destination for the package, the
acquisition of the delivery destination being responsive

55
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selected unmanned ground delivery vehicle.
6. The delivery method according to claim 5, wherein t.

1C

acquisition of the delivery destination information by t

1C

selected unmanned ground delivery vehicle turther includes
transmitting, to the second information processing unit,

package receipt information indicating that the package

1S

received by the selected unmanned ground delivery vehicle
from the unmanned aenal delivery vehicle, the transmission
by the second information processing unit of the delivery
60 destination mformation being responsive to receipt of the

package receipt information.
7. The delivery method according to claim 1, wherein t
selected unmanned ground delivery vehicle acquires t

1C
1C

delivery destination of the package from at least one of t.
unmanned aerial delivery vehicle and the package.

1C

8. The delivery method according to claim 1, wherein the
delivery system further includes a third information process-
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ing unit executing on a processor and configured to manage,
as first identification information, at least one of identifica-
tion information of the unmanned aerial delivery vehicle and
identification information of the package mounted on the
unmanned aerial delivery vehicle, the delivery method fur-
ther comprising:
acquiring, by the selected unmanned ground delivery
vehicle, second 1dentification information from at least
one of the unmanned aernial delivery vehicle having
landed on the selected unmanned ground delivery
vehicle and the package mounted on the unmanned
aerial delivery vehicle;
transmitting the acquired second identification informa-
tion to the third information processing unit by the
selected unmanned ground delivery vehicle;

authenticating at least one of the unmanned aerial delivery
vehicle and the package by using the first identification
information and the second identification information;

transmitting authentication success information to the
selected unmanned ground delivery vehicle responsive
to the third information processing unit determining
that authentication 1s successtul 1n authenticating the at
least one of the unmanned aerial delivery vehicle and
the package; and

setting the selected unmanned ground delivery vehicle to

a state capable of receiving the package from the
unmanned aerial delivery vehicle responsive to the
selected unmanned ground delivery vehicle receiving
the authentication success information from the third
information processing unit.

9. The delivery method according to claim 8, wherein the
third information processing unit further manages, as third
identification information, identification information of the
selected unmanned ground delivery vehicle, the delivery
method further comprising;

transmitting preparation completion information from the

selected unmanned ground delivery vehicle to the third
information processing unit responsive to the selected
unmanned ground delivery vehicle being set to the state
capable of receiving the package;

transmitting, to the unmanned aerial delivery vehicle, the

preparation completion information received by the
third information processing unit;

acquiring, by the unmanned aenal delivery vehicle, fourth

identification information from the selected unmanned
ground delivery vehicle on which the unmanned aerial
delivery vehicle has landed responsive to the unmanned
acrial delivery vehicle receirving the preparation
completion information from the third information pro-
cessing unit;

transmitting the acquired fourth identification information

to the third imformation processing unit by the
unmanned aerial delivery vehicle;

authenticating the selected unmanned ground delivery

vehicle based on the third identification information
and the fourth identification information;
transmitting the authentication success information to the
unmanned aerial delivery vehicle responsive to the
third information processing umt determining that
authentication 1s successiul 1n authenticating the
selected unmanned ground delivery vehicle; and

providing the package to the selected unmanned ground
delivery vehicle by the unmanned aerial delivery
vehicle responsive to the unmanned aernial delivery
vehicle receiving the authentication success informa-
tion from the third mmformation processing unit.
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10. The delivery method according to claim 8, wherein the
third information processing unit further manages, as third
identification information, identification information of the
selected unmanned ground delivery vehicle, the delivery
method further comprising;

acquiring, by the unmanned aerial delivery vehicle, fourth

identification information from the selected unmanned
ground delivery vehicle on which the unmanned aerial
delivery vehicle has landed;

transmitting the acquired fourth identification information

to the third imformation processing unit by the
unmanned aerial delivery vehicle;

authenticating the selected unmanned ground delivery

vehicle based on the third identification information
and the fourth identification information;
transmitting the authentication success information to the
unmanned aerial delivery vehicle responsive to the
third information processing unit determining that
authentication 1s successiul 1n authenticating the
selected unmanned ground delivery vehicle; and

setting the unmanned aerial delivery vehicle to a state
capable of providing the package to the selected
unmanned ground delivery vehicle responsive to the
unmanned aerial delivery vehicle receiving the authen-
tication success mformation from the third information
processing unit.

11. The delivery method according to claim 8, further
comprising:

receiving landing information by the third information

processing unit from the unmanned aerial delivery
vehicle that has landed on the selected unmanned
ground delivery vehicle, the landing information 1ndi-
cating that the unmanned aerial delivery vehicle has
landed; and

transmitting the landing information to the selected

unmanned ground delivery vehicle by the third infor-
mation processing unit,

wherein, responsive to the selected unmanned ground

delivery vehicle recerving the landing information from
the third information processing unit, the selected
unmanned ground delivery vehicle acquires the second
identification information from at least one of the
unmanned aerial delivery vehicle and the package.

12. The delivery method according to claim 1, wherein the
selected unmanned ground delivery vehicle 1s placed 1n a
predetermined delivery vehicle parking place, the delivery
method further comprising moving the selected unmanned
ground delivery vehicle to the transfer position responsive to
the arrtval of the unmanned aernial delivery vehicle to the
delivery area.

13. An mformation processing device in an automated
delivery system including an unmanned aerial delivery
vehicle, a plurality of unmanned ground delivery vehicles
disposed within a predefined delivery area, and the infor-
mation processing device, the information processing device
comprising:

at least one memory configured to store program code;

and

at least one processor configured to access the program

code and operate as 1nstructed by the program code, the

program code including:

condition code configured to cause at least one of the at
least one processor to, while the unmanned aerial
delivery vehicle 1s transporting a package having a
delivery destination located within the delivery area,
detect an arrival of the unmanned aerial delivery
vehicle to the delivery area, based on a current
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position of the unmanned aerial delivery vehicle, the
current position determined based on a navigation
signal recetved by the unmanned aerial delivery
vehicle, each of the plurality of unmanned ground
delivery vehicles being disposed within the delivery
area;
selection code configured to cause at least one of the at
least one processor to, based on detecting the arrival
of the unmanned aerial delivery vehicle to the deliv-
ery area, select an unmanned ground delivery vehicle
available for use from among the plurality of
unmanned ground delivery vehicles;
first transmission code configured to cause at least one
of the at least one processor to automatically trans-
mit, to the unmanned aerial delivery vehicle, transter
position mnformation indicating a transier position at
which the package transported by the unmanned
acrial delivery vehicle 1s to be transferred to the
selected unmanned ground delivery vehicle, the
transmission being responsive to detecting the
arrival by the unmanned aernal delivery vehicle to the
predefined delivery area, the unmanned aerial deliv-
ery vehicle thereby controlled to autonomously
move to the transfer position according to a tlight
control program executing on a processor of the
unmanned aernial delivery vehicle; and
second transmission code configured to cause at least
one of the at least one processor to transmit, to the
selected unmanned ground delivery vehicle, delivery
destination information from the unmanned aerial
delivery vehicle indicating the delivery destination
for the package, the transmission being responsive to
receipt by the selected unmanned ground delivery
vehicle of the package from the unmanned aerial
delivery vehicle,
wherein, based on a presence of another unmanned aerial
delivery vehicle that i1s scheduled to arrive in the
delivery area within a predetermined period of time
from a time of the arrival by the unmanned aerial
delivery vehicle to the delivery area, a same unmanned
ground delivery vehicle 1s selected from the plurality of
unmanned ground delivery vehicles disposed within
the delivery area for both the unmanned aerial delivery
vehicle and the another unmanned aerial delivery
vehicle, the delivery area including both the delivery
destination of the package transported by the unmanned
aerial delivery vehicle and a second delivery destina-
tion of a second package transported by the another
unmanned aerial delivery vehicle, the second delivery
destination being separate from the delivery destination
of the package transported by the unmanned aerial
delivery vehicle, the second package transported trans-
ferred by the another unmanned aerial delivery vehicle
to the selected unmanned ground delivery vehicle.
14. An automated delivery method executed by a delivery

system including an information processing unit executing
on a processor, a plurality of unmanned aerial delivery

vel
vel

nicles, and a plurality of unmanned ground delivery

nicles, the delivery method comprising:

determining, by a first unmanned aernal delivery vehicle,
a current position of the first unmanned aerial delivery
vehicle, based on receipt, by a signal receiver of the
first unmanned aerial delivery vehicle, of a navigation
signal;

detecting, by one of the information processing umt and

a processor of the first unmanned aerial delivery

vehicle, an arrival of the first unmanned aerial delivery
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vehicle to a delivery area, based on the current position
of the first unmanned aerial delivery vehicle, the deliv-
ery area including a first delivery destination of a first
package transported by the first unmanned aerial deliv-
ery vehicle, each of the plurality of unmanned ground
delivery vehicles being disposed within the delivery
area, each of the plurality of unmanned ground delivery
vehicles being disposed within the delivery area;

selecting an unmanned ground delivery vehicle from the
plurality of unmanned ground delivery vehicles dis-
posed within the delivery area 1n response to detecting
the arrival of the first unmanned aenal delivery vehicle
to the delivery area;

automatically acquiring, by the first unmanned aerial
delivery vehicle, a transier position where the first
package 1s to be transferred from the first unmanned
aerial delivery vehicle to the selected unmanned ground
delivery vehicle, based on a location information of the
first delivery destination, the acquisition of the transfer
position being responsive to detecting the arrival by the
first unmanned aerial delivery vehicle to the delivery
area;

autonomously moving, by the first unmanned aerial deliv-
ery vehicle, toward the acquired transfer position
according to a flight control program executing on the
processor of the first unmanned aenal delivery vehicle;

autonomously moving, by the selected unmanned ground
delivery vehicle, toward the acquired transier position
according to a movement control program executing on
a processor of the selected unmanned ground delivery
vehicle;

transmitting, to the first unmanned aerial delivery vehicle
and the selected unmanned ground delivery vehicle,
control information to transier the first package from
the first unmanned aernial delivery vehicle to the
selected unmanned ground delivery vehicle, at the
transier position;

when acquiring schedule information indicating that a
second unmanned aerial delivery vehicle, which trans-
ports a second package having a second delivery des-
tination included in the delivery area and separate from
the first delivery destination, 1s scheduled to arrive 1n
the delivery area within a predetermined period of time
from a time of the arrival by the first unmanned aerial
delivery vehicle to the delivery area:

selecting the selected unmanned ground delivery vehicle
as an unmanned ground delivery vehicle which trans-
fers the second package from the second unmanned
aerial delivery vehicle,

having the second unmanned aerial delivery vehicle move
toward the transfer position, and

transmitting, to the second unmanned aerial delivery
vehicle and the selected unmanned ground delivery
vehicle, control information to transfer the second
package from the second unmanned aerial delivery
vehicle to the selected unmanned ground delivery
vehicle, at the transier position;

automatically acquiring the location information of the
first delivery destination, by the selected unmanned
ground delivery vehicle, the acquisition of the location
information being responsive to a sensor provided in
the selected unmanned ground delivery vehicle detect-
ing that the selected unmanned ground delivery vehicle
has received the first package; and

autonomously moving, by the selected unmanned ground
delivery vehicle, to the first delivery destination based
on the location information of the first delivery desti-
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nation which 1s acquired, according to the movement
control program executing on the processor of the
selected unmanned ground delivery vehicle.
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